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evaporating a droplet of composite solution consisting of polymer, conjugate and nanoparticles sol onto carbon coated copper grid.
Electron microscopy pictures were done on the Jeol LEO 1550 (Oberkochen, Germany) with acceleration voltage 9 kEV in BSE (backscattered electron) mode. The samples were sputtered with Pt/Pd before measurement.
FT-IR: Attenuated total reflection Fourier-Transform-Infrared Spectroscopy (ATR FTIR)
analysis was performed on a FT-IR spectrometer Vertex 70 from Bruker Optik GmbH (Leipzig Germany) with diamond ATR crystal with the resolution of 4 cm -1
. Conjugate was measured in a solid state and solid composites were investigated after hot pressing. All the samples were measured in vacuum.
X-Ray diffraction (XRD): Diffraction patterns were obtained with a Bruker D8 from
Bruker AXS (Karlsruhe, Germany) device with Cu Kα (λ=1.5418 ) radiation equipped with a scintillator detector to determine the grade of crystallinity. The data evaluation was performed by using the software program EVA. The degree of crystallinity of a polymer can be investigated by comparing the area under the crystalline peaks to the total scattered intensity.
SAXS:
Small-angle X-ray scattering (SAXS) experiments using synchrotron radiation were performed at the µSpot Beamline at the Bessy II (Helmholtz Zentrum Berlin Adlershof, Germany). The 2 dimensional diffraction patterns were recorded with a 2D CCD detector MarMosaic 225 from Rayonix Inc (Evanston, U.S.A.) with a pixel size of 73 μm and an array of 3072 × 3072 pixels.
To carry out the calibrations of sample-to-detector distance and beam center, a quartz standard and the software Fit2D (ESRF, v. 12.077) were used. For the acquisition of the 2D pattern, the energy of the X-Ray beam (100 µm in diameter; wavelength, λ = 0.82656 Å) of 15keV and a sample-to-detector distance of 300 mm were calibrated. All patterns were first S5 corrected for empty beam background scattering, radially averaged to obtain the function I (q) and intensity corrected. The data evaluation was performed using the software package DPDAK (DESY/MPIKG, Gunthard Benecke and Chenghao Li, v. 1.2) and OriginPro. The spectra were obtained in the q-range of 0.3 to 8 nm -1 .
For conjugate synthesis and characterization
Conjugate synthesis: Solid-phase peptide synthesis (SPPS) was done with an ABI 433A peptide synthesizer by Applied Biosystems (Darmstadt, Germany).
Mass spectrometry (MS):
Mass spectrometry was done by Bruker autoflex III smartbeam with matrix assisted laser desorption/ionization (MALDI) and time of flight detector (MALDI-ToF-MS) (Rheinstetten, Germany). For MALDI-MS the samples were dissolved in water, while the matrix was dissolved in water/acetonitrile/TFA (1:1:0.1%, v/v/v). Matrix and sample solutions were mixed directly on the plate in a ratio of 2:1. It was measured in linear positive mode.
Nuclear Magnetic Resonance (NMR) Spectroscopy:
1 H NMR spectrum was measured on Bruker AVANCE II 500. NMR samples were dissolved in DMSO d6 99,8%. ) was added and all components were mixed for another 30 min. The total volume of the prepared solution was 5 ml. The solution was cast into a small bowl and the material was dried under an S7 extraction hood for 12 hours. The material that was obtained after the solution casting step was not suitable for the mechanical testing experiments, which require even and homogeneously thick composites. A hot pressing procedure was applied to prepare composite materials in order to eliminate unevenness in thickness of composites. With an average thickness of 80-120 µm, samples were cut in a typical bone form with a length of 18 mm and a width of 6 mm.
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Mechanical testing
Impact of the conjugate addition on the matrix Figure S3 . Pure conjugate without inorganic filler added to PEO matrix decrease of tensile toughness and increasing brittleness of composite with the raising conjugate concentration.
Pure conjugate without addition of inorganic filler was added to the system to evaluate the impact of the conjugates on the matrix. Tensile toughness was calculated for various concentrations from 0.5-5 mol%. Overall pure conjugate present in the matrix has a negative impact on it, lowering the values of toughness. The conjugate concentrations of 0.5-3 mol% cause similar changes; further increase of concentration to 5 mol% makes the material very brittle and reduces toughness dramatically. This observation can be explained by the selfassembly issues taking place with the increasing conjugate concentration.
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Role of peptide-particle interaction Figure S4 . Control experiments realized on the example of 15wt% MgF2 filled composites: a. Incorporated in a conjugate scrambled peptide sequence used instead of original one does not lead to higher elastic modulus values compared to non-stabilized composites, indicating the sequence specificity of binding. b. PEG3000 used as a compatibilizer was not able to stabilize the particle and increase the elastic modulus values evidencing the requirement of the peptide in the compatibilizer.
Two types of experiments were performed to evaluate the importance of peptide-particle interaction. All experiments were realized on the example of 15wt% MgF2 filled composites.
In one experiment the original sequence was scrambled, meaning that the same amino acids were placed in a different order. In another experiment peptide segment was removed from the conjugate and just PEG3000 was used for compatibilization. For both experiments influence of these peptide-particle interactions was evaluated on the example of elastic modulus.
Change of the peptide sequence leads to the lowering of mechanical performance. The same effect is observed if the peptide segment is removed from the system. These two experiments clearly show that the interaction between peptides and the inorganic component is the main reason for the improvement of mechanical properties.
Particle-size distribution in the composites
Samples with 15 wt% MgF2 filling were investigated in HR-SEM in back-scattered Figure S5. Suppression of particle agglomeration in the 15 wt% MgF2 filled composites with stepwise increase of conjugate concentration: a,b -0 mol%, c,d -1 mol%, e,f -3 mol%, g,h -6 mol% in SEM (BSE) micrographs.
SEM micrographs reveal the transition in the sizes of filler depending on the conjugate concentration. MgF2 particles added to the matrix from the sol with the particle size of 2 nm agglomerate severally and cause formation of agglomerates in the µm range visible on SEM micrographs. This process is naturally occurring and based on the tendency of very small particles with high surface area and high energy to reduce it by agglomeration. Each portion of conjugate added to the system reduces the size of formed agglomerates and µm agglomerates disappear, moving to submicron and nm particles (agglomerates). Particles in S13 the highly stabilized composites can be only found with higher magnification. This study clearly evidences the size transition, but it does not provide quantitative information about the sizes of filler in the composites with different conjugate concentration. To eliminate this gap, particle-size distribution diagrams were generated based on the scanning electron microscopy study. 
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SAXS data evaluation
To calculate radius R of the MgF2 nanoparticles the data were fitted by following Emmerling et al. using the Equation 1.:
Where V0 is the mean volume of the particles, P(q) is their form factor and S(q) is the structure factor describing the packing of the primary particles.
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I0 is a normalization constant depending on the set-up and B is a constant background from the sample [1] . By assuming nearly spherical particles with a radius R the volume of the particles can be defined as follow (Equation 2):
For the form and structure factor (Equation 3 and 4) for this system we can take:
D is the fractal dimension and C(D) is a constant depending on D [2] (Equation 5): The constant B was nearly the same for all samples (in the order of 0.007 nm 3 ). As this parameter cannot easily be described and is also negligible for the contribution q < 0.2 nm -1
we won´t discuss it in detail. The determined radii R for all samples are summarized in Tab. 1. S16 Figure S7 . SAXS intensity as a function of the scattering vector q for selected sample compositions with a) PEO + 15% MgF2 and b) PEO + 15% MgF2 + 6 mol% conjugate. The red lines show the experimental data and the black dots show the fits used to determine particle radius.
Scattering curves of selected samples are shown in Figure S7 . mol%. It becomes clear that starting from 3 mol% of conjugates, the agglomerates reach the size of µm and start to introduce a negative impact on the polymer matrix, exactly when the toughness starts to decrease. This allows us to conclude that the structures make material more brittle.
